COMBINATION AC MOTOR DRIVE AND 


ELECTROLYZER SUPPLY FOR MARINE VESSEL 


BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to propulsion generation systems for marine vessels, 
and more specifically, to an invention capable of combining a fuel cell for an AC 
propulsion motor with an electrolyzer power supply for an underwater vessel. 

Description of the Prior Art 

Generally, underwater vessels have used conventional propulsion systems. These 
conventional power/propulsion generation systems for underwater vessels have been 
limited to simple battery systems, and typically excessive and redundant power 
conversion equipment is required. Current underwater vessels use fuel cells as the main 
source of power, and this technology requires excessive power conversion equipment, 
which on board increases vehicle weight and cost. 

Traditional marine propulsion systems generally include an energy source, such 
as a battery or AC generator, a power conversion means for converting the current output 
of the energy source, an electric motor, a coupling system for transferring the motor 
output, which includes shafts, bearings and linkages, a propulsor for imparting thrust to 
the vehicle, and a cooling system for removing waste heat from the assembly. A rectifier 
situated between the AC supply input and the electrolyzer is redundant with components 
in the motor drive. 


SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to provide a marine vessel in 
which the need for redundant power conversion equipment is eliminated. 

Accordingly, a propulsion generation system that provides for a high power in 
marine vessels is provided. The propulsion generation system comprises a fuel cell, an 
electrolyzer, a motor, a motor drive that operates in a first position to connect the fuel cell 
and the motor to power the motor. The motor drive also operates in a second position to 
connect the electrolyzer to a power supply, by operating the motor drive in reverse to 
power the electrolyzer. 

The propulsion generation system further comprises a DC-AC converter for 
converting direct current from the fuel cell to alternating current for the motor when the 
motor drive operates in a first position. The DC-AC converter converts alternating 
current from the power supply to direct current for the electrolyzer when the motor drive 
operates in a second position. 

The propulsion generation system further comprises a hydrogen storage in fluid 
communication with the fuel cell and electrolyzer and an oxygen storage in fluid 
communication with the fuel cell and electrolyzer. The fuel cell uses hydrogen from the 
hydrogen storage and oxygen from the oxygen storage to produce direct current. Water 
is produced as a by-product by the fuel cell and is stored in a water storage. The 
electrolyzer uses direct current supplied by the DC-AC converter to reduce the water 
from the water storage into hydrogen and oxygen, and the hydrogen is stored in the 
hydrogen storage and the oxygen is stored in the oxygen storage. 
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The motor drive switches from a first position to a second position through a 
mode switch, and the power supply is a three-phase AC supply from a host ship. The 
motor is an AC propulsion motor for the marine vessel, which can be an underwater or 
surface vessel. A DC link capacitor provided in the motor drive absorbs high frequency 
current. 

The above and other features of the invention, including various novel details of 
construction and combinations of parts, will now be more particularly described with 
reference to the accompanying drawings and pointed out in the claims. It will be 
understood that the particular device embodying the invention is shown by way of 
illustration only and not as a limitation of the invention. The principles and features of 
this invention may be employed in various and numerous embodiments without departing 
from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the apparatus and methods of 
the present invention will become better understood with regard to the following 
description, appended claims, and accompanying drawings where: 

Figure 1 illustrates a schematic representation of a system for carrying out an 
implementation of the present invention with the motor drive in a neutral position. 

Figure 2 illustrates a schematic representation of a system for carrying out an 
implementation of the present invention with the motor drive in a first position. 

Figure 3 illustrates a schematic representation of a system for carrying out an 
implementation of the present invention with the motor drive in a second position. 
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DETAILED DESCRIPTION OF THE INVENTION 

Although this invention is applicable to numerous and various types of power 
generation and propulsion systems, it has been found particularly useful in the 
environment of propulsion systems for marine vessels and particularly, underwater 
vessels. Therefore, without limiting the applicability of the invention to marine and 
underwater vessels, the invention will be described in such environment. 

With reference to Fig. 1, there is a schematic representation of a combination AC 
motor drive and electrolyzer supply for a marine vehicle with the motor drive in a neutral 
position. Initially, hydrogen gas is stored in a gaseous hydrogen storage 102 and oxygen 
gas is stored in a gaseous oxygen storage 103. The gaseous hydrogen storage 102 and the 
gaseous oxygen storage 103 are in fluid communication with the fuel cell 100. The 
hydrogen and oxygen gases stored in the gaseous hydrogen storage 102 and the gaseous 
oxygen storage 103, respectively, are the reactants for a regenerative fuel cell 100 that 
produces electricity and water as a by-product. The water by-product is stored in the 
water storage 104 for later conversion back into H2 and O2. The mode switches 111,112, 
113 and 1 14 are in a neutral position. 

In Fig. 2, the fuel cell 100 provides direct current DC that is fed to a DC-AC 
converter 106 with the mode switch 1 1 1 in the top position. The DC- AC converter 106 
converts the direct current into alternating current by gating activity applied to transistors 
Au, Bu, Cu, A L , B l and C L . Alternating current i a , i b , i c is thereby supplied to an AC 
propulsion motor 105 with the mode switch 1 12 in the bottom position, the mode switch 
113 in the bottom position, and the mode switch 1 14 in the bottom position. The AC 
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propulsion motor propels the marine vessel. If the fuel cell 100 is not capable of 
absorbing high-frequency current, which results from operation of the motor drive, then 
the DC link capacitor 108 will be able to do so. The gating activity applied to transistors 
A Us Bu, Cu, A L , B l and C L regulates the current flow in the motor drive. 

A problem occurs in the prior art systems in that the fuel cell would be depleted 
once the hydrogen gas and the oxygen gas run out in the gaseous hydrogen storage and 
the gaseous oxygen storage, respectively, and redundant power conversion equipment 
would need to be connected to re-charge the fuel cell. Consequently, it would take more 
time, equipment and expense to re-charge the fuel cell. 

The present invention solves this problem by providing for a quick connection 
and requiring less equipment in order to re-charge the fuel cell. In accordance with the 
present invention, as shown in Fig. 3, the problem is solved in that the DC-AC converter 
106 is disconnected from the AC propulsion motor 105 and reconnected to a three-phase 
AC supply 107 from a host ship by switching the mode switch 1 12 to the top position, the 
mode switch 113 to the top position, and the mode switch 114 to the top position. The 
DC- AC converter 106 is also disconnected from the fuel cell 100 and reconnected to the 
electrolyzer 101 by switching the mode switch 1 1 1 to the bottom position. 

The three-phase AC supply 107 from a host ship provides alternating current to 
the DC- AC converter 106. The alternating current enters the DC- AC converter 106 with 
the mode switch 1 12 in the top position, the mode switch 1 13 in the top position, and the 
mode switch 1 14 in the top position. The DC-AC converter 106 converts the alternating 
current into direct current, and feeds the direct current to the electrolyzer 101. 
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The stored water in the water storage 104 is converted back into hydrogen gas and 
oxygen gas by running the electrolyzer 101. The electrolyzer 101 operates on direct 
current supplied from the DC- AC converter 106. Water enters the electrolyzer from the 
water storage 104. The electrolyzer 101 breaks down the water from the water storage 
104 into hydrogen gas and oxygen gas. The hydrogen gas and oxygen gas are then stored 
in gaseous hydrogen storage 102 and gaseous oxygen storage 103, respectively. 

Thus, the hydrogen and oxygen gas reactants for the fuel cell 100 are now refilled 
in the gaseous hydrogen storage 102 and gaseous oxygen storage 103, respectively, and 
the fuel cell 100 can be used again to supply direct current to the DC- AC converter 106. 
The DC- AC converter 106 is disconnected from the three-phase AC supply and 
reconnected to the AC propulsion motor by turning the mode switches 1 12, 1 13 and 1 14 
back to the bottom position. The DC-AC converter 106 is also disconnected from the 
electrolyzer and reconnected to the fuel cell 100 by turning the mode switch 1 1 1 back to 
the top position. The DC-AC converter 106 then converts the direct current from the fuel 
cell 100 into alternating current to be fed to the AC propulsion motor 105 for the marine 
vessel. 

The present invention provides several advantages that solves the problems with 
prior art systems. This system is more efficient than standard propulsion systems, by 
providing a system that eliminates the need for redundant power conversion equipment, 
which results in less vehicle weight and less cost. 

While there has been shown and described what is considered to be preferred 
embodiments of the invention, it will, of course, be understood that various modifications 
and changes in form or detail could readily be made without departing from the spirit of 


6 


the invention. It is therefore intended that the invention be not limited to the exact forms 
described and illustrated, but should be constructed to cover all modifications that may 
fall within the scope of the appended claims. 
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